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SUMHARY

Tne need for vory compact wids angle tslescopes with large oxit pupils
and high quality opticel performance has led to tho developrent of several
instruments utilizing modifiod Porro priems as well as a slisht nmodificetion
of the oreoting system first doseribod by Schmidt, In this crecting system
which nakes uso of two specinl prisms, the light nath *a folded upon itsclf
in such a way as %o rcsult in a very short instrument with sutstantially
straight through viewing, The usual cbjeetion to the Schmidt type of ercecting
systom, namely, bad ghost roflcctions, has beon largely oliminated by the useo
of non-reflonting coatings on appropriate surfaces, The rosult has been vory
satisfactory telescopes of magnificetion 3X, 6X and TX with wnusually wido

, In the caso of the TX, tho product of fiecll in degreces by magnifica-
nado approxinately 85 by tho uso of onc aspheric surfaco in the
oyopioce. This surfaco is produccd by ¢ molding procese which has teon very
much refincd by tho Inetituto of Optices and supplicd in larg duction in
othor instrumonts,

The desizn and performance of the Schaldt rw~cting tolescopes is here
described in somo deta'™ The design ard perfort. : . thoso systems using
modifiod Porro prisms has been o -eussod in OSRD Report Fo, 1482 (Secticn 16,1,
Report Yo, 23),

« . .ial production of tho 6 x 42 Porro typo instrumont in anti-
oscillation fc~» was undortaken by the Army Alr Force, Substantial production
of a wide £101d& 7 x 50 binocular for conventional uso was underteken by the
Yavy Bureau of Aoronautics, Tho latter instrument was ontirely redesismcd for

production by tho Bausch & Lond Optical Company, This included tho roturn

to the conventional ron-taperci prism which mnde the instrument.sere -bulky

but faciliteted production,
RESTRICTED




RESTR13TFD
WIDE F1ELD TELESCOTES

1. Introduction

Roquesta for improvements in rlmost oll the firurca of merit
in prewnr teloscopes resulted in new desicns rt The Inatitute of
Optica. Those in-truments using the Forro tyre of creeting syrten
have nlrendy been described and will not t- trentod here sxcert for
the oddition of Figures 18 ? 19, sicwinc the orticnl masemtly of
the 7 x 50 bincculrr end the original 6 x 42, In thia report .tho
prineiyal eaphasis 43 on irnztrusents using the Schmidt type of
eractine cystems.  In low pewer teleccopea, the sprce bet~eon the
objective rnd eyoricce tescann very shert, ond 1t is difficult to
use converticnnl erec*ing aystemn. Alao, becruse of the lrek of
spnce, the ficld muat e qui‘s restricted. The Schzift ayatem, cr
tho other hend, i3 very comprect rnd o' rrally bo itted into o low
rower tolzacopo, hnving the rdded rdvrntere thrt, the rxca of the
oyoricce and objec*ive con bc ande to colncide, n very desiretle

forture in n moncculcr inntrumint vhrre crns. of vicvin- io imcortent,

Theae syatems are nlac much lirhter thrn tho<c using Ferro prisms,

and thus cazier to carry rnd ute.

Firure 1 iz 8 couprrison of the Schildt srectine aystem (o)
acdified by clozint the grp betreen the tre prism clements rnd s
Porro systcm (b) of erproxiartely the ssme field., It crn be scen
thnt the Schidt systen - ameller in every dimenaicn then the Forre
oend thet it devintes the opticml nxis by cn'y r omell nmount. The
slicht offact in the rxis is not inherent in the Selmidt system,

but 1a neceosacry for s prisa of ninimm alze,

RISTRISTED

et e e w0




| ot i B

py 3

= BFSTRICTED

(a) Schaidt (t) Forro

Firuro 1

11 § x b2 Honoculsr

In the sprinz of 1942, = 6 x 42 telescope with & product of resl
field ( in dupreos) by mesnificetion equel tc 70 wea desipgned to bo
ussd in an anti-oscille*icn mount:d sight described in CSRD Report
#1482 (Ssotion 16.1 Rerort #23), Dovelopacnt of this "nirht alght"
showed the necd for r moro compret rilasm sys4en then the modified
Forro prisma uscd thero, rnd resordinsly r new 6 x 42 monoculer wes
dosigned with s Schnidt crcctor. Tho ceme cyericco 7es ured as in
the "nirht sicht® ond only alirh* chenges w ra ncccesery in the cbjcctive
dosign. This ncw mionoculer hes n resl ficld o view of 11.6 degrees,
an eyo rclief of 19.66 = =nd nn exit puoll of 7 =m. An Erfle‘tyre
eyepicce (f! = ";t'm:l) 1s used, with s cenented dou.!"let. ef specd £/3.68 ea
the objective,

The objective wos desirncd to fully correct tho ephiricel and
chroactic erberreticn of the prisus end eyeplece.

]rS"RICTED
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B
At full apcrture the ggtrl @ hericel eberreticn ia r 0,032 mm,

whils et 7/10 aperturc it {a =0.107. Zhrrmatic aberration is

~.00022 ot full eperturs #ni ia ~0.00040 nt ‘7/10 epertura. This

correction is na geod rs it is resaible to make with a ecearnted
dcublet mnd glesacs nem rvailnble. Altheush there is scne eviderce
of nxinl cecler when the telgscere is used in daylirkt, due te arc-
endary spectrun and ayhericnl chrem-tisa, the :ghoricrl- rterretion is
izpcrceptible without the eid of en suxilirry tslescore. The instru-
ment is chreze tieally ecrrectcd for the 2 tnd F reya et 7/10 aper=
tura 0o thet the axial bundle ia eliphtly underccrrested prd the
arrrinel reya overeorrected.

Comn ia ccn letely scrrected by ¢re cbiective. Leterel ocler
fren the eyepioce nnd rrisis 2ennot ke entirely elisinnt-d by tke
cbjcetive, but the rusidunl nzcunt ia less then the arhericnl
chrecar tism of the oblique raya men‘i-red nbove. The torrentinl
field o” the eyerieae 13 bnokerrd curvine #nd h-s been m-tched by
that, 07 the objeetive, but the Fetzvel fields ¢” the cbice*ive nnd
cyepicce curve in orpesite directicrns in the inatrument, reavlting
in » large sncunt of tetsl f1cld curveture of 4.5 dicptcrs st 309,
acst of which (3.5 dicpters) is due 45 the evericce. There is nn
distributicn cf netimntiasn (cven with chrnce c® eyc.icce) thet will
c-arenaste fcr the larpc €ield eurveture, and st ths hest the re-
sulten® {aare qunlity cf the system bhra ebeut 2.8 dicpters cf estip-
mntism, which is the -cat cbjrcti-reble izr-e errcr in the inatru-

nent.
BBE"FI2TE
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Figure 2 shcws tho Schmidt ;rism nystsm nede ef DF-3 for the
6 x 42 mcnoculnr, Firurs 3 the cbjective snd “irure 4 tho eye-

pleco specifiontions. A cut-emay nesenbly droming c” ¢he c:mplste

instrunient is shown in Firure 5. Ths oripinel :odel =na mnde

with LP-2 prismas, but if more sre to be mands, LF-3 is rceomended
na shovn in the druvings.
IIT 3 x 21 Monoeuler
A roquest wra received for ancther monoculer with three
power magnification rnd r wide field. Althourh it u-cd the arme
eyepieoe as the 6X »nd tho snme Schnidt ercetine syston with LP-2
prisns, this thres poer inatruwent mreded r ner objective.
Sinze the foenl length of the ctjeetd ¢ o® ¢ 3% oysten
i3 half th t of a 6X, its field ecurveture is doutl-d if = siurcls
ocniented doublet 1s used, Thua if r at-4iler ebjcetive to th-t of

the 6X tolescopo were uascd, the total field surveturo weuld te

[ S B

anbout 5 diopters, due to the segittal fields. Redcairn of the
eycpiseo ecould redues ths tencentirl field curvetura to zcro

but ths snpittal fisld would be atill inwerd curving by 3.4

diopters ant ¢he resultine im--cry would skow very little taprove-
acnt. In srite of this very bed curveturc, howecver, r ceacnted )
double* vas deaigned, sinco it ferma n sincle rnd uzo®ul inntru-
nent for soms applicctions. This ia shown in Tirure 6. Tho Imrps
quality ia es sood on axis and over the equivelent field na eny tkreo
power of norrower field, ~'ith ficld curveturs out to 24 2cpree

half ficld no woras than the 6 X at the odro.
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Fiold curve‘ure is ol rys ¢ very difficult protlen in s

tsloscops, since sll known eyopisess rlve'vcry lrrrs curvaturea

nhich must bto comppnasted for in the objectiva. Even if the
oonnlete tel=reope is corrocted “or curv-ture, however, tho lnrpe
in the foorl plene of *he evericce end cbicetive 1is =t'11 curved,
end prrallax with o plene reticls is inevitable. Such rn obfeetivo
hra been andd st Ths Institute of Op‘ics, with ¢he reelization
thet 42 the nceessity for eliminetinrs rcticle persllex erincs, ¢
retiole could be curvsd or reflex-d in throurh tho cbjective.

Cooks triplets siziler to thoes uced in ortinnry crnern
otjectivos were first tried in tho hope thet they mickt iwprovs
the ficld curveture suf'ficiently but wers discrrded when the in=-
provement was found to be neglizmitle. Tt wmrs found, hovever,
thet e flie eleaent obiecetive could be deci-nid with en over=
corrccted Fetzvnl redius thet woulAd 2corletel esncel ths eurvrturo
of tho eyocieco. Astipmrtian of *Fe obfretive =re ¢ ‘ju-ted to <«rt-h
thre of the eyorieos, resulting in nn elmont cot-letrly flet Field
snansticmatio tclosoope. At the cd~r 0” ¢he “irld the natiruetisn
is loso thnn one dioptér.

Figurs 7 is a plat of the lon-ituiinel spherierl eberration
curves for ths oxinl “un'les in 2, D, end P 1lirht, Conof in the
objeotive wrns corrected to prretice'ly zcro. Leternl ecolor wrs cerefully
erdjusted to leas than 2' for ‘he conmrlete systs1 en? is not notice-
able in the instrument; there is e slirht eppeere ce of odlor nerr

tho sdrs of ths fisld due to sce-idery spectrua.
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Flgure 8 ashows results fr zstcr tests on the 3X tolsscore
with the fivo elonont objcctive, “cionetra*ing the rearrkebly
geod iange quality over thc entire fleld, Tho blur circlo st the
edre of the fisld is rctuelly sarller thrn in the centcr, althourh
this is in pert duo to vignetting. Rosolving rower tests hrve not
been "1ove with this teleacops, but frem visunl inspection the larre
qunlity nprerrs equally goo? cvrr the =-tire “icld. An opticel
drnwing of tha cbjectivo ia shown in Fipure 9 en? in Pipure 10
i1s shorn fn easonbly drewing cf the inctrumerts It hre n reel fisdd
of view of 23°, eyo:rolief of 20 =v nn? exit ruril of T-m,.

IV 7 x 3% Momoculnr with Asrheric Eycriece

The thir?! =monocul-r designc?d £t The Institute of Cptics wes s
seven pomer inatruient o® S <y exit puril rnd 16 rma eye relisf.
The protuct of fiold by aegnificrtion of *h. wkole inatruient wea
85,4 degreea. For such © wide wnrle systen en eyeriece with
apherical surfrocs only would eithcr krve 8 lerre esount of neg-
stive distortion or s lerpc zone of positive rntipartien. By weking
nan nspherie curve on the front surfrec,horever, the 2istortion cen

be resoved without intro'ucting an exc-ssivs a-ount of catimrtinn,

Suoh #n instrunent hrs been =nde in Boches*er, with the ra:heric

ourve for-ied by n dropring proccas doscribe? in rnotherre;ort,

In edlition to correo*ing the rsti-m-*ism on' Aistortien of
srherienl oyepleces, the rsrheric surfoce pretsly re'uces the
sphcrioel sberretion of the princirle reys, so thrt the sye rosi*ion
reatins fixed for the oblique roys rs wcll s *he exinl rrys.

Correetion of lstcrel color ia A1°ficult in e rifo rPnple aystang

RFSTRICTED
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with the 7 x 35 instrument only rrtirl corrcction wes vceomplished
in the oycilcco end the reet elininrted by n srecielly Aesipndd
objoctive of tro meprretcd clemen*s end .a mrecinl chroartic rlotec.
The Chrometio rlnte is =mnie o ono rleno-consnve end cne rleno-
oonveXx lens cemented to-cther to act as n singlo plete of rleas
for D light but to introduse n lrrpe nscunt of neprtive exiecl snd
l7t+ral color. Tho scprrrtcd objective reoves *he roat of the
= snd also corrects for ajhericrl rberrnticn. Figure 11 stews
the cooplete desicn of the syatean.

Vv 7 x 50 Monoculer wit! Farrbolic Surfrce in Eys:-loce

Beforo the rhove 7 x 35 =enoculrr wi¢i ¢k tkin ra-hrric
ecorrsctor vl-‘e in the cverlece ~rq develope”, » 7 x 50 noro~
eular 7ith nn r3;herie eye;icee 0% ¢ A4 rers, tyre wca denlened,
The p~r.ioulsr requireents for tkis tcleocore were thoso of ¢
wide field nizht pl-as, ~nd thun 1t wrs very iniortont 4o heve &
long eys relief, In orfer to obtzin the lonr cye relicf, en
eyopioce of 25,8 ;1 foecnl lenpth wes deeirned, with the curved
surfrec of the eye lena grount to n prrebolic <h-rc¢ by the %ruseh
& Lomb Optionl Co.

The rest o® the telesco e 13 much the srac -a +he 7 x 35
instrua‘nt. The objective 1s -¢jrroted and the cireartic ;lrte elso
used to orrect for 1l teral oler. A rerl “leld of view of 12.4
doprees, an ecye rclicf of 22w »nt cxit pu-il dirFacter of 7 m

sre cttainod in this telescoro. The ortioel system ¢ shoen in

Fizures 12, 13, 14, and 15,

R_ESTRICTED
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This tclescops has beon construc ! end sppesrs »n in
Piguro 16. The perforusnce is oxcollent, .likough tho trens-
aittcd inages eppesr yollow due to the long threugh the
donso flint Schuidt prisus. Since this instrumen* welghs 2 rounis
10 ounces,.conailersbly noro thsn tho 7 x 35, it is now mede
obsolcte ty the develorment of the other =onoculrre Aloo the
oarhorio in the 7 x 35 is :much oesier to produco rnd tho @e nrr-
ical doaipgn is mush hettors if s 7 x 50 were desired in tho
futuro it oculd be nndo b serlins up the 7 x 35.

VI 35X Monoculer for It., Comm. Pockhenm

In anneuvering pilotlcss rlencs, orerctors hre found thst
they noed sono magnifying pewer in erder to help them rulde the
plsncs ct the rreat distrnooo roquired, Lt. Co'zs Fockhem, of the
Nevy Burenu of Me.ieine ond Surgery, requested a lirht veight low
rower wide fleld monoculer to acot this necod, whick coul? be strapped
to tho ojorators hesi.

This rsquest was =ot by sesline Jown the 3 x 21 menoculer
deseribed in noction 111 in the retlo of 1 3 0.771 Tho resulting
inatrument hns a roal fiold of 2% deprees rnd eye rolief of 15,2 =

snd an exit pupil of 5.4 mm; it was not redtuccd further in size

becauso the oye relief of 15.9 wss oonsidrred aa short eca it was

practiecal to uee,

The oomp-leto dosign was zent to Dr. Reyten of tho "ruseh * Lomb
Optical Co., for eonsiderstion »n! rossibly for the buil?ing of a
ssaple instrument.
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The Instituto of Optica ccnalderc? the rossibility of inserting

nn aspherie cyeploce with a foenl lenpth of 16,24 ==, which would

rasult in n 3.69 power teleeccro with the semo reanl field es the
35X telescope. This oyoiiece hoa not, howevir, yet boen deairned,
Figure 17 is rn nascably drawing cf *he menocular “esirned for

Commanicr Fe~khan.
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DESIGN K5
£ = 25.8 ma. RESTRICTED
vt = 7.98

Eyepoint with 6X = 22.7
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r (mn) t (am) Glese Diem. (mm)
o0
+27.57*
>0
7.5
45.45
36.32
64,66
* Redius of a Perebola y° = 55.14X
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7 x 50 Binocular Telescope
Field of Viev = 9.8
Lye Distance = 17.6 ma.
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OBJECTIVE PRI EYTFIZCE

Glass - N, R pe t mm ‘ - vy o F' = 2L
D = . 171,5 om OF LBC-2 = °h,
BsC -1 1.511 1152 g5 5.5 : v = 9.6

75.0 +=.2 N 1.57 ° :
bl Orrwinis # O

EOF - 1 1.649 209.0=.2 3.0 ' .2 Priem rhift of foerl plrne = 47,51 £
i Dr:w:ni # 05700
=} 1722 mm
o v = 165,1 mn
Clerr Aperture = 50 mn
Dreving # 05202

RESTICIED

reving 4 05417

originelly 052008
Figure 18 e 7
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OBJECTIVE

GLASS Np R mm
8

c-2 1,5125 ¥

67.6

EDF-1 1,649 25,3

-4

£'= 150 mm

v'a 143 mm
Clear Aperture = 42 mm
Fdge dismeter = 42 mm

Draving # 05211

6 x 42 Binoculrr Telescope
Fleld of View = 11,6 degrees
Eye Dietance = 19.7 mm

PRISH

= 1,672%
Priec Shift of 7Foc-l Plere = 47.91 &m
Drawing # 05300

121.6 om of LBC-2
&

EYZPIZCE

£ = 24,8
v = 430

Drawing # 05021

Dreawving # 05415
Originelly 0-11-21
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ADDENDUM

Any dimensions not given in the accompanying figures
may be obtained approximately from the scale of the diagram, The
thickness of the erector in Figure 2 is 111 mm,
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ABSYRAECY :

Dascription is given of seyeral designs of wide field binoculars with large exit

pupils to aid in night vision,

Devices include some which employ a modification of the

Schmidt straight-in-line erecting system, rather than the usual Perro prisms. Design
and performance ‘of the Schmidt erecting telescope is described in detail, As a result
of investigations, very satisfactory telescopes of magnification 3X, 6X, and 7X with
ummually wide fields have been developed.
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